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有機 ･ 無機肥料 の 複合利傾が生物的窒 素固定を促進 し､ 土壌肥沃度や土壌質 草 永稲生産牲
の 維持 ･ 改善に どう影響する か を研究 した｡ 永田 にお狩る窒素固定牲藻類はま作あた ?) 呈3-2 5
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と見積もられ た｡ 藻類に 固定され た窒素 の 望7･ 36 % 揺i - 2作目に 有効に な っ たo きらに 望
拝復､ 蛋窒 素標識 した藻類由来窒素の 57 %結土壌中に残存 しており ､ 無機肥 料由来窒素で
3O一 連0%で あ っ た の に 比 べ損束が少 ない こ とが示 きれ たo ワラ施周 は積と共闘 した従属栄養
牲窒素固定を促進 し､ さ らに縫物 あたり の 窒素固定畳 は有機 ･ 無機肥料e3施 熟 こよ っ て 影
響 を受けな い か促逢され ､ そ の 効果は鍵物 バ イオ マ ス 畳 に比例 した o 圃場試験で窒素固定
を促進 し窒素利周効率を改善する品種が見 出され たo そう した品種 の 育成と利周をま窒素投
入 要求を低減化するの に有効で あろうo
ア ジア にお ける長期稲連作と穣 一 菱輪作試験 の解析結果 か ら､ 無機肥料だ狩で は吸 塵低予
傾向が見 られ る の に対 して 磯原肥 を併摺すると増収傾向が得られ る こ とが認め られ たo し
か し初期収 量 は堆廃艦 の み で 絃無堆廃艦 より低く ､ 試験 15年目以降か ら逆転する ことがわ
か っ たo 南開 (40年間)㌔ Lu 曲ia n 盈(イ ン ド､ 望0 草間) および B 態a呈f aぬa 轡 盈 (ネパ - jレ ､
15年間) の 3箇所か ら採取 した確度肥薄絹と対照土壌 の 理化学牲お よぴ微生物性 の 分析結
果 か ら､ 有機物 ､ 特 に稲 ワラ堆肥 と厩B巴は 土壌率の 全炭素 ･ 全窒素普慶 を最も増大 きせ ､
無施周 に較 べ て 土壌理化学性 と微生物性を改善する こ とが 明らか に なっ たo Lu逮hi盈 n 盈 で は
全炭素量をま増加 ま た結安定腐肉を示 したが ､ 厩月巴区以外で ほ 可分解牲炭素と全室素量 は液
少 したo これ らの 結果 から ､ 無機肥料 の み で 結 土壌肥沃慶と生産性 を経緯で きない こ とが
明 らか に なり ､ 最適な持続可能な有機物施周戦略 の 開発が必要 で あると い えるo
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de eF e a S e Of 鬼艮Å a nd pl組も dry w eigh毛 o v e r也e圭r r e spe ctiv e c o n皆8ls w er e
dete r min ed･ Ac etyle n e-r e血 e主喝 a e加重電yperpia n音量n e嘘 s edin al茎触 皆eatm e n毛s
e x c eptin 也e F Y ”&e威斑 e醜 whieb s畠o 腎 S a S呈董gh嘗deelin eく3･3 %き･ 鬼c吟董ene-
r e血 cing a ct王V lty Pel
･
P王a n毛dTy W eigh毛 w a s董o 轡 e f量n a重量 経e atm e 迅臨 e x e轡 主n ぬe
gl
･
ainlegは 態e G Mなe 紐 e nts wh主e払s払o w ed 弧 盈V e f 盈gein e F e 盈S e Oぎ27 %･ en ぬe
otherha nd
,
塊epまa n毛dfy W eig払毛量11 el
･
e お ed 圭n 盈重量e 盈毛ego F董e s ef 良fi呈ま主z eFなe盛 m ef3随i
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3.6 Bis c tIS S童e 迅
3.6.i EfYe ets ef 2fn ede s efs電T a腎 aPPiie aもie 抗モo 盈 W e毛Ia nd T董c e扇eldo n a c eモyle 顎e-
r eぬ cing a et呈vity(鬼農鬼ラas s ociaied with 也e Tie-ep圭弧竃 遊 dn o i Wh毒害e sphe Tie s e量l, a 虫d
ol3也eN2-fTI Xingba etef主盈Ipoptlat呈o r?s.
Re s ults 昏o r13this studysbew that the ap pl主e atiol10fstFaW モo 也e §盛 m e rgedpaddy
s o
i
ilC a n s tlP PO Tt aPPf e eiable N2- 触 感 o ri (C2H2 T e血 c鮎 n) and 弧 tl軸重量c 孟t圭e 恐 Of
v a rio tlSba cte ria. T he e c e tlrl･e r W e Of 也e 鬼昆Å pe ak 血ring挽eini ぬiperiod eぎsな凌w
ap plic a鮎 n isirlagre em e nモ wi血 塊e de e 8 mP8 Si音量o np琵馳 r n ofsもF 逢W 聯e 顎e, ま985ラ.
Ne u e(1985きfo u nd 50 %of
14
c r e m aining a鮎r 43 ぬys 電気盛 Iabeled 盛f a W W お
in eorper ated(5ih盆
‾l
)in a stlbm erge如ie efielda竜也e王昆最王fa m wi也s豆m量l盈F e u玉音野 alき
e n vir o n m e ntal
,
a nd edaphie c o ndito n s tiS ed in the pr e s e nt e 荒Perir33 e nモ. 鬼 simila f
de c o mpo siモio n pa統e rrl efstr a w w as 盈Is ofo tl nd by Wa毛a n盛e(19 糾きI M戯s喝tl eh量
(1979), o nthe oぬe rh皿d, r epo rted 也atin 也e 鮎 odedF主e e s oils of J琴 訊 ,the o n s eモ of
the stim ul威o Ty effe e毛 ofstr a wi盟C O rPOFat圭8n O nÅ昆Å e a 皿 e ai abo u毛4 w e eks a nd i毛
persisted ぬr abo嘘 10w e eks･ T he delay e o tlld be dti etO the slo 簡 de e o mpo si 鮎n of
s昏a w u nde rte mpe r ate e o n血主o n s.
T he f e aS O n払f 也e s lg11ifTIC a n音量n c r e a s ei王-Pl弧毛a s s o ciatea鬼民兵 ef 汲尋2 盛嘗曲ti嘗ed
to str a w 圧P P呈ie ai o n c a n 溢ot be a s e eぬirl ed･ The degf 蓬ding sモぎa W m ay 払a v e曲 e e毛iy
s tlPPlied 洩e s ubstr atefo r蝕e 血 zo sphe r主e N2一員Ⅹingf n豆cf O鮎r a e r也e ric epla n毛 m ay
h盈V e abs o rbed m e r e n嘘Tie nモs &o n ぬe degr adi喝 S毛r a 腎 弧d s uppo紹ed 払量gher N2
畠 嘘io n量rl rぬ r n. Thehigh 圭n eide n c e ofモぬ王a nd 鞘2
一 触inghe毛e r o醜ph§量n 也e s oil皇毘
a s s o ciaio n with degr adingsぬ w pie c e s a r ein 喝f e e m e n毛 w董蝕theぬ壷gheT鬼艮鬼･
Lo ng-モer n str a w applie a毛io nha sbe eri She w nto m ain毛ain highe r O Tga fi主e m 盈綻e F
a nd ”c o nte nt of 也e s oil(Po m pel n m 盈1984; Go毛oh eモ al･き 1 9害4ラ･ 写he a n a e r滅 e
c o ndito n sin w e毛玉a nd rie e 鮎Ids s盲im tila紐 也e fo m盛主o n a nd a e e tl113til蓬モ呈碓 Of
皇nte m ediate C s ubst指毛e s血etothe 感 a fded o Tg盈nie m aモモerde e e mpo s量毛io n wh董e払ne毛
ohlyf7av ぽ S” e o n s er v atie rl agid 畠Ⅹ盛io n ぬ毛als o醜e董m m盛i重量za毛皇o毘 Of 討･ 鬼lぬo tlgh
the e o ntr主butio n ofs蛭a w N 孤dsなa 掛 aS S O Cia毛edヲ転ioま喝呈eally41ⅩedN電o ぬe e 済 写e n電討
n e eds offic e m ayn otbegr e at,thelo弼㌢紐 m e免 c毛s a r e s tibsモ恕 ぬ壬･
Ⅰ毛 m ay be c o n eluded ぬ盈毛 dl ede e o m芦O S主軸 n efsなa 瀞 e SPe e量a玉里y 威 転 s u Tfa 蛋e
ap plic atie npr o vide s e n e rgyfo rgぎO碗h 弧d 討2
-fl X盛i8 nby he嘗e f Ot陀Phs書 鬼e eiyle ne
r e血 c電ぬn 圭s 盈 She Tt-ter mindiT e e電 m 雷魚od a nd e a n O nly 5e tlS ed 盈S 弧 i恐de 荒fef
m e a s tlrl ngthedi 艶re n c e量n N2
-FI X atie na m o ng&e a毛m e n号s･ 甘htiS, 良民Å r e s tl重電s sho tlld
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be s tlbst蔚tiated by nitf ege nbala n e eぬt孟. Me s毛 of 也e sもぎa W 急報a fTI X ea 河 de e s ri,8モ
s e e mto be a v 盈il島地 te モhe pl盈B毛 fo f gr ain pf Oぬe毛毒o ri a nd pT Ob盈転Iy bee o 泣 e
主m 況 Obiliz ed to 塊e s oil/ e rga nie ” po ols. 慮 bette fkf3 O Wledge ofthe kin e毛董e§ of
bior n a s s討 arld impr o v ed c uぬF ala nd m a n agerri e fit 跳 eぬeds 転fits tl電主重量z a毛ie nby 塊e
fle epla nt-is fl e ed d.
3.6.2 Effe ctofiri O rg弧ie 鞘 弧 do fga niefe ri liz ef S O n ric epla nt
- as s o ciated N241 Ⅹ盛量軌
Ⅰri O rga nie a nd o Tga nie feぬIize rs m ay e x e純 d董免re nモ e鞄 ets o nN2 畠荒aぬ n
a s s o ciated wiぬTic e. O迫e Of 也e s e c e tlld be 也e主nhib重電o Tye免e毛s 血et8 也e e o mb量n ed
fo r m of N(asinthe c a s e of in e Tg弧iefeft呈iizer)oftOtO翼ic C o mpo unds f ele 盈Sedby塊e
de c o mpo sitio ll 0f o rg 弧ic m atef主als- r he ぬr m e f m ay be m e r eimpo蛇盈投書 ぬa n ぬe
laモter. St}eh inhibitofy e飽 eモs, ho w e 習ef, rrl野 n Otbe v e ry l 陀PO絶弧毛 a nd 王o ngla sモI ng5
e spe cially in 捷opic al ric e Fl elas, whe f e 也e f eis in短n s ebiologie al 盈e毛iv呈ty-
Ftlrぬe T m O r e
,
thein o rga f?ic ” disappe a rsin 鮎 odeds ei呈sy§紐rilS a艶t3O
-58 ぬys of
applic atio n of feftil呈z er(W ぬ abe a nd 王n tlbu shiき1 986;討agaf aj盛 ,1987)･ The s e c o nd
type ofeffe ct m aybe adir e cto r主ndif e Ct Sモ呈m ti王威o ry e壬Ye ct. T he ぬ e ct e空海e毛e 税Id 態e
du etothe r ele a s e ofC arbon stlbst1-ace s a ndothe r n u&ie ntsfr o mthe oi
･
ga n主e 良Ttilize fS,
a nd 也eindir e ct effe ct c o uld bein c r e a s edpla ntgr o 闇由 汲dgr e ate r r el a s e efe afb8 n
c e 況P 純 ndsbythepla nt.
In&eqtie nt a nd in s lgnifie 盈n毛i王血bi 由n of 鬼毘Åaithe e arly gr o 哲也 s毛盈ge Sラ a nd
●
&eqtle nモ a nd signific a nt st量m ul威ion of Å及Å 虚 血e laie T 東急ge S ぬe to di 免fe n毛
fe rtiliz er s w e r efo tlnd. Ho w e v e r
,
也e stim tll厳重o 設in 鬼昆鬼 pergr 弧 Plan毛afy 闇 eighモ
w as n oモ a s r n tl Ch asth彪illA昆Å perpla nt;in fa鴎 也ef eW as S O 況 ede el呈n e量n §e v e r ai
c a s e s
,
C O mPa r edtothe e o嘘 ol･ In毛er e s也ngiy, 也er ew er e a王s o flo e O ff el彪io n s転e陶 e e n
t鮎 in e r e a s e s o rde cr e a s e sin 良民Åperpla nt o rÅ艮Å pergr a mpla n毛dry w e量g転宅 泌盛
the a m o tl nOf ”applied(Figs. 3.4 a nd 3.5). T his rtile s o u毛 ぬe po ssibi重電y毛ha竜 也e
i由ぬibito n o r stim tllatio ll 0f鬼昆Å is a m o n oモenie 鮎 et董o n of 洩e a m 8 tln毛 of ”. 写he
F el虚妄o n shipbe紬 e e npef e e n重in cr e a s e o rde c r e a s e oぎ良民ゑ pe rpl泌竜 of A 監鼻pe fgr a 汲
p壬a nモdry w eighta ndper e e n篭in e 托 a Se O rde c r e a s e oftot盈呈pla n電通Fy W eigh竃 w e T e a呈s o
e x a min ed(Figs. 3.6 a 溢d 3.7). TheF e 閤 a S a e O rl
&
el盛呈o nbetw e e nÅ民兵 perpl皿モ a nd
p呈an竃dEy W eig晩 btlt也er ew a s n oe o r r ela毛io n転e陶 e e 托鬼R ゑperpl弧毛dry w eigh毛 皿d
pl弧tdry W e重gh嘗･ T he abs e n c e ofe o F nま盛io nin 也el盛e y e a s e圭sdu eto毛hefa e㍗由盈電統監
in er e 盈S ein pla nt dry W eight圭§ lT u転 況 O r e漁 弧 醜ein c T e 盈S ein ぬe spe eifie 鬼毘鬼
終R AperP王統毛dry w e喜gあモ)･
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a nd 虚血fent Si紐s量s n eded 短 test 也eif 盛去bili守 a nd ぬ e呈ぬ紐 ぬe m e盛 盛圭s辺 如 鞘
tlP嘘 edi免re n e e.
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Cii鬼PT監琵5
i河T監GRATI NG P挽O i)t5C 写言Ⅴ壬T¥ 甘R E 河汐S玉野 琵董e 監- 漁董e 監鬼河担 税董C 監_ W 招E 鬼T
S ¥ S T Ei覗S 鬼SÅF F 監e T E D B ¥ 玉野e 民G鹿野I e鬼河野 8 挽G鬼N le ぎE 髭T茎L董芸E^ 羅
i切Å河鹿G E 弼監阿T
5.iSu En 投 a ry
Lo rlg-te r m tr e nds of crop yields ha v ebe e n tiS ed as a m eallStO eValtl a電e 触
stiSt盈irl ability efintell Sive agn e ul紐 e･ Pr e vio u s s毛udie sha v e m e a s u r edyi壬dもr e rlds 昏om
lo ng-te r m ric e-fie e a nd riee一 間もe at e xpe rim e n毛s in di 飽㌻e n毛 s主竃e s 鮎i31由e s王ope s of
individtl al site r e基r e s sio n s ofyieldover tim e. T he st盈tis転 alslgn量fTIC a n e e Of e a ch s主音e
r egr e s sio n w asdete flni ed bu毛 n e毛 ぬt efthe aggf eg威e モf e nd, which e o tlld giv e 弧
indic盛o n oftbe m agllitude a ndsigni 鮎afle e Ofglobalyieldeha nge･
T he r a ndo m r egression e o e践eie nt a n alysis(艮昆CÅ)and m ぬ - a n 逢まysis w el･e u S ed 呈n
this studyto a n alyz ethe aggr egateyieldtrend 鮎 m s eve r a圭Io喝 -te r m e 濫Pe Tim e nts(t} T E)
ac r o s sthe王ndo- Ga ngeticP王ain s(王G 戸ラando tltSide ぬe王GP. Bothm ethods she w ぬ戯 ther e
ha sbee n a signi畠c afit(P<0.O5)decliningti･e rid in ric eyieid iB 転c e- w畠e 盈tL TEsin So u銑
Asiain c壬tldingChin 盈Wiぬthe l
8
eC O mrn efidear ate s Ofs3鎗ie nモs,but thaモぬe f eha sbe e 設 n O
signiFl e a ntCha ngein whe ai afldsyste m(rie e＋ wheat)yields. There W a snO Sign童貞cai3毛ye af
x r egio n(王G Pv s. n o n一三G P)inteF a Cti抑 in fic e a 流d whe aモyie壬ds. f hw e v e r, 昆昆∈鬼 盛o w ed
也畠毛the ave r age yie壬dtr e rld w a s sig11i茄c a n毛Iy n egai ve(- 4l.0 kgha
一 l
yy
l
)o幼 主n 鮎
ⅠG P. Ⅰflthe rice-ric eL T 監s, the r eW a s a Sign主義e a nモye a r x site(王RRivs. riOn-王 覗 si毛e sき
inte r a ctio ndu ringthedry s e a s o nbtlt n Ot也e w eモs e a s o n. Ric eyieldsde cl呈迅ed ぬo喝ho tl竜
泉sia 皇n 也e w et s e a s o n. T he a v e r age Syste m(dry＋ w et s e a s o n rie eラyield蛭efld§ we 若e
significa ntly n egativ ein both 王Rjua nd n o n-壬R毘isites(-1 7O.1 a nd - 52.g kg 邑a
‾ 壬
y{
-
,
l
i
espeedveiyラbtltthe magnittlde ofyield de clin e w as signifie a n毛Iy gr e afe r量n the 汲鼠王s重電e s
tha nillt壬ie n O n-Ⅰ艮艮Isite s.
Ric ein the ric e- whe at L TEs she w ed a slgnifTle aJntly po s呈如e yieldモT e Bd w宕ぬ the
addito n of faf myafd m a n tlr e(F Y ”)btlt也ein主音ialyieldw ぉ ge n ef ailylo 轡 e r東蝕 F Y M
tharl W拙 o tl毛F Y M. Å鮎ri5yea rsきyieldin cf飽 Se ぬeモo F Y ”w a s n oモe vide nモin m e)s毛 of
也eL TE.
S.2 In書F Odtl ei ¢n
Mo nitor呈nglo樗 -te frn Ch凝喝 eSin er ep yieldsi§ e s s e nぬl 圭n e v alti盈触g§u sモ盈i約a転i重量呼
ofinte n siv e agrie tll紬r e. Lo rlg-te rfn e XPe rim e n毛s(L TE)pfO V主detil e O n王ydiTe e電 m eぬodモo
7ヲ
ぬ e nmil eモhe s tl Stairi a転iliモy efn e w m a n聯 況 e13モsys毛e m sラ a rid 也e e済e a ey ofm e a stlT e S
u s ed毛o e nha m e epf eぬ e如iモyf 圭n the 1968sヲ a n e wge rl er a由托 Ofsho絶-dtiF aぬ n ric e a nd
whe at v a rietie s w er e主軸 eぬe ed ぬe Qghe ut 舶 a･ T he s e v af量ぬ s予 感ie転pぎO n - O篭藍d 8T 8P
interlSi員c atio ntoge也ef With wide spr e adtiS e OffeTtilize TS 畠rid昏 触f ehef n呈e aまinpu毛§圭edt8
the Gr e er3Re v oluti軌 Ma nyle喝 -te r mfe純量i皇z er arid m a13tlr e e 晃Pe fim en号s m e as u Fl喝 毛he
stlSt盈irl ability of inptlモーinte n siv edo盛Ie- a rid 皆ip壬e- e f OPPed 済 O n O C 態ま細 e Tic s a Bd dtia壬
e tllttlr e fie e- whe atsyste m s startedalm o s毛a毛ぬe s 盈m e毛im e.
Exte n siv e effo琉s ha v ebe e n n l ade モo a n alyz et払el8 rig-te m 毛T e nds of C r op yields,
a旭 o ugh inis olated e as e s with differ e nモstat呈stie alapproa ehe sラ e O n急呈etinge o壬- eltl§io n sin
r elatio nto yieldtr e nds have be e ndr a w n野a mbia r, 1994; Na 迅bia f 弧d 鬼bTOlラ l 粥9;
Sw a ftlP et al., 1989;Abr oletaL, 200O). Re e erltly, syste f mi e e放きTtSha v ebe e nm ade毛o
m 盛e glo†) al a nd r e基- o n al irite甲 et盛on stlSl ng Co mbin ed al号alysIS Withthe m o s毛 r e ぢe n毛
data a nd identic al statistic al pr o e e血r e s. Da v e et al. (20 0ラ 皿d Ladha et aL(2OO3ラ
an alyzedyield蛭e ridsfr o m o v er50 lo ng
-teln l e XPedrn e nts w主也ii ui掛 fic e o r ric e 将hea毛
system sfro m7c o u ntrie s. Using 也e slope sfr o mindivi血alsite F egr e S Sio n s ofyieldo v e r
tim e
,
c o n eltlSio n s w e r e m ade based on 也e ntlr nbe r of L TEwiぬ posi毛iv e a nd n ega音量v e
tf erlds
,
o rthe lltt mbeF W漁 signifieaxl竜p- v alt m ･ Ho w e v e rぅ p- ValtleS e a ㍊ Ot be tiS edto
m e a s ttF e毛虫 m agnittlde oftr e a馳 e nモ etfe eモs a nd a r edepe 盟de fl篭 e m 毛he i?ti mber Of ぬ臨
points. Unle s s也e effe ct主s b喝e,iモis difFle tll毛 細 obtaifl a S lgn重点c a n至p v 盈Itle鮎17i 弧
e xpe riln e nモ wiiho n呈y afew da毛apo壬n毛s. Expe ri王ne 嘘 w 池 alarge n ti 招ber ef d盛盈POi11毛s
盈r e 血 O T e主皇女e呈yto e盛ibi毛slgni云c a nモp v altle S也a ntho s e with fe wdat盈 PO l ntS, alぬe tigh
they m aysho w similartl
･
e nds. T hu s
,
the sta毛i盛ie alsigni 鮎a n e e of毛he o v eF 盈呈Itr e ndc 鎚 0毛
simply be dete m重n ed by c o mpa r u lg tらe n u mber efsigfi呈鮎 a n毛 弧d n o n- slgnifie a nt p
＋
v alu e s. T he 良民C鬼 eo mputes the a v e r age tr e nd a nd 董モs st戯istie 昆I s昭弘i 鮎a n e e転y
c o mbiningdatafr o mdifYeF e nt e XPerim e nis 嘘呈nginto 盈e C O tl n竜也e n tl 迅be f Of ぬ電盈芦O l n毛s
asldv afi皿 C ein e a cll e XPe rim e痕 By c e mb豊玉血gall dataラモhe s 盈況ple siz e量n c T e 蓬S e S 孤d ぬe
c o n茄de n c einthe o v e r allr e s ultals oin c r e as e s.
The 良民C ÅC a nbe peぬ m edtlS量喝 tl3 eSAS l呈n e a T mix ed-e免 c毛s m ode呈∈L M E Mき,
whicぬ ha sbe e n tlS ed fo r a11 alyzi王‡glong呈fudin al data(Goはs毛ein, i 995;P8呈Ia ek, 1998ラ･
Lo ng主知din ai d彪盈 eOn Sist of17ie aS tlf e m e 汲tS m ade o nthe s a m e s ubje cts r epe 盈紐dly o v e r
tim e(Geldstein, 1979ラ. T be L M E M is w e圭Is ほited fe yd彪盈 昏o nl a m tllt圭一s昏a嘗盈 S醜 e竜野 e
with d董f:fer e ntle v els of v al･圭abil董毛y. 圭n 也e L M E Mラ b 盛 FI X ed(昆鞄e毛s 蝕e popul盛o n
m e 盈昆) 弧d r a ndo m(ass oei戯ed wit弘 也e董nd呈v毒血 盈l)e艶eモs o c e tiFli迅e a f呈ぎ皇n 毛ぬe nl ede王
78
鮎1Ction(Pinあeiro and Bate s,2 008ラ･ Lin e a r mix ed- effe e竃s n 3 Ode壬s m a義epf edie音量o Fl e u FVe S
fo rPOP臼Iation(e･g･ , over allsitesラa nd 董nd量viatl als(e.g. ラ 転F e a ell §i毛e).
Meモa 儲 alys壬Sis 盈ri Othe r s宅急tistie alto o= hat重機 gr aモe sfh d主ng§ 鮎 m a c olle etio B Of
s紬dies a nd des c ribe sthe r e stilts tl§irig n tl m e rie ale汚旨et-siz e e s毛呈m a号es(S 為S 葺n §ぬ 毛e壬B e--
et all , 1999). Tbe f e ar eモw o fn ajor Cla s s e s ofeffe e,isiz e s(aラv aぬ11ee- a e e O tlfled- 転r e艶 et
siz e s all aogo u sto a s甲 a T ed c o 汀ela鮎 n e o efYl e主e鴫 a na 弼 §宅急nda感 z ed m ea n
differen c e s(昆o s e嘘 al, 1994)･ 鮎 r n 3 ally, a popu量a鮎貝 efYe et siz ei§ e s毛im a短d by
a v er agi ng Sta王1dafdiz ed or weighted effeeモ siz e e st圭m aモe sfr o 招 醜e 圭讃8主vi血aisモtidie s.
E 艶ctsiz e e sモir mtes are standa Td主z ed u sl ng 也eiB V e TS e Oftheir v ar董a n e e sg呈V呈喝 S毛tldie s
with la rge r S a mple siz e s m o r e w eighモ in tらe a v e r age estim ate. T he S 良S m a cr o
W 鬼VG M E TA pr o血 e es a n e stim ate a nd 95 %c o nf71de n e einte f V 盈Isbasedonthis w eighted
a v er agepr o c edu r e(SAS Insモぬte壬n c., 1999ラ.
5.3 O bje ctiv e s
T he objectiv e s ofthis sttidy w er eto e 荒a min e:
a. thegloba王m agnぬde ofr主c e a nd whe atyieは cha喝e a nd i
L
ts s lgniFl e 孤 e ebydoing
a c o mbin ed a n 蓬Iys IS Of data &o m lTiO r et払皿 5O f主c e-Tics a13d f圭e e- whe 盈モ LT E
ae r o s sÅsi蓬;a nd
b. r egi o n al differ e n c e sinfeliilize r rn a n agei33 e n毛 effe e毛s o nyieldモf e nds
5.4 Ma‡e ri丑l善 意nd 対et岳昏由
Thedata a n alyz ed inthis sttldy w e r etake n 鮎 m 33ric e
- whe a圭王o ng-宅e - e xpeTim e嘘
e o n血cted in 24 differ e nt site sinindia(1 7si紐sラ, Nepal(3 s呈te sラ, B弧 giade sl3(i siモeラ,
and C hin a(3site s), whichr a nfr o m7te24yrs;a nd 23ric e-ric elo ng-宅e r m e 芙Pe Fim e n毛sin
17 dif?ferentsitesintらePhii呈ppin e s(6sites), C hin a(3siモe sき,王Bdo n e sia(3site s)ヲI
r
ndia宅I
site)き B弧 glade sh(2sites), Malaysia(1 site), a ndVietn a m(isiteラ, 威ichT 弧 昏o 氾Ie嘗o
24yfS･ De s c rlPt O n S Of
'
毛色e ric e- wll e a毛e xpei
･
m e nialsite s ar eii3Table5暮I a 丑d 払e Fie e-l
S圭e e
e xpe rim e ntalsite s ar ein Da v e eモ al.(28O8). 壬n allぬeL 写E,d盈宅急 昏o 阻皆e a毛rn e n毛s 腎iththe
T e e O r m 33 e nded do s e s of N P K常e F e 弧 aまyz ed. 王n ま9 Lr E, 毛l
･
e盛 m e nモs w地 FY M 重B
co mbin盛io n with N P K fertilize rw e r eals o a n alyz ed竃o deモe min e続e e洗 e毛ef FY” o n
yieldtr e nds･ T hein o rg孤icN P Kco mbi迅ed 闇 油 F Y Mw as a毛 m o s電 eqtl alo r aue a s毛hきIfof
也eN P Kadded 主nthel 榔 % in o fgan董eN P Ktr e atm e B毛･
The a n n u alyield da毛a 鮎 斑 LTEin d喜免fe n毛s呈竜e s w e r e c o mbin ed 弧d 蝕e aver 蓬geモfe nd
故d 董ts signi 鮎弧 e eW e re a訊alyzedtlSifigT a nde m r egr e s sio n e 8 effic圭erl毛al- 盈Iysis(良民C鬼)･
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写his w a spe rfe n 73 ed tlSl ng 銑e S廃S pF O e eぬr eM 王X Ei3 feylill e a F rni荒ed m ode壬s o r毛短
LME M･ W e als o e o ri§ide Te点前醜 g o 舶 r c o v aTi n ce stF u C毛u r e sfo r触 y毒elas m e a §tlT ea in
the s a m eloc ation over tin 3 e･ Ho w e v e r
ヮ
the 壬ヰa ndol罰 regF e S Sie n e 8 e揃 e董印篭 appr o a eh
fouo w ed 続ebe stfTlも.
T he indepe nderlモ vari盈ble sin the m odel w eF e ye a F5 r轡 O nラ 脱退 ye a F XT eg呈e n
inte r a etio n･ By l ri eludingthe ye a r X r eg 榔 inte F a e毛io n呈fiぬe F n ede呈, w e w e re able te
e stim ate alldC o mpa retheyieldtre ndsin ric e- whe atsyste m sinthe壬G ㌘a nd n o fY16 Pand
yieldtr e nds主n ric e- ric e syste m sin圭R Rl andilO B-王民鼠圭s呈te s.
A similar a n alysis W a sPe fo T m edto cofriPa f e Fie eyieldtre ndsin Fie e- whe 盗電 sys号e ril S
with a nd witho utfar myard m a n tlr ein e o mbin atio ri With 鞘PK･ T転e m odel圭n eltidedye ar,
tf e atm e鴫 a ndye a r xtr e atm erltinte F a etio n.
M eta- a n alysis w asdo n e u sing the S 鬼Sfn a C r OWÅVGM ET 鬼(SÅ§lns嘗ぬ毛e 壬弧 き
1999), wbieh c o mptlte Sthe weighted 蓬Ve r age Ofs a mple e o rfelatio n s. T he e o rf el色盲ien
e o e揃c呈e nt(r)orthe as s o ciatio nbetw e ellgrain y主eld 弧dthe n ti mbe r ofc r oppi喝 ye afSin
e a che xpe rim e nt(i. e. gr ainyield daringthe n
由
ye a r v s. n)w a s u s edase免ctsiz e e/sモim aie.
良 dotplot(Clevela nd, 1985)w a s u s edto disp呈ay effe ct-siz e e sti花王ate S(魂htheir95%
c o nfTlde n c eは 由s)sepafate圭y 如 e a chstudy. Unle s si王IdiG ated othe r wis e,d圭ffef e 辺C e S W e r e
c o n side l･ed signifl e a flt O nly whe n P≦e,e5. T he v alu e 8ftわe e o T F el盛ofl圭設die aモe s也e
st㌻e ngth ofthe r eiatio i1. Cohe n(1988)s ugge s短d 也戯 a c o f r e呈atie n ef 8.5 is壬a Tge,e.S is
m ode ra紐, a溢d0.iis s m all.
Å syste ri3yieldf e蕗r sto 地eモoモa王yieはha r ve s嘗ed a 皿 tia呈Iy &o m2 e er e a王stoge醜e r呈n a
c r opph3gSySモe rn(fie e-Tic s o f ric e- wli e a壬).
5.5. Re 善tllts
5.5.1 Pr odu etiviモytr e rldsin ric e 哨he atsyste m s
5.5.i.1 王ntegr atingrl e e afld whe atpf O血 cモI Vlty毛r e nds tlSlllgF 訊domi夏edT egr e S S重o n
c o e氏eie n毛 弧 alysI S
T he a v er age yieldtr e nd in33 LT Ea e君O S SSo tl毛il 鬼sia a nd C hin a w a s転ti 流d毛o
be signifTIC a ntly n egativ eト28.6, 95 %c o nfldell e elim呈号(C Lラ - - 56.9電o - e.3 監g
hal yr
句 1
3. On 也e otheF転a nd, whe a毛yieldw as s毛&bie,i息 , the 喝gr ega竜e毛r e 琵d 8f
s呈ope was notsign量鮎 an電まydifi&e n嘗fT O m0(Table呈ラ.
Ladha e毛 al. (2003)pa統i毛主on edthe LTE eonぬeted in As量a宅So uも払 鬼s呈a aild
Chin aラ量nモo(a)壬nde - G 弧 ge毛icP重a圭n s(昔GP), 弼 otltS主de壬G Pwith C h董rl 盈(投e n-王6 P)ラ
善O
～畔
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O･王% a s N u E ifie F e 盈S eby iO･ He B e eぬe fi u毛Tはe 投a呈 Ⅴ盈重u e oぎ Tie e主s n o毛 r e 盈i星y
s盈e riFle ed w 地 the 圭mpr o vem e rit Of N U E･ Gef3吟pe s 腎独 stiPe r重o ㌻ N u Ea nd
c o n site fitly go od yield at s uboptim al ” le v els h盈V e 転e eri ae nt嘉Fled. 欝ti地 eぎ
a s s es s m e nt of ぬeif yieldpe Ffo T m a n e e 昆虫d N 呼モake paiie r n s a電highe F”le v由 a na
di 免re nt site sis rie ed d to te stthe皇r 東急bility and elti e量da毛e 也怒 m e e払弧is m fo r”
tiptakedi 免re n c e.
M onitori ng io 昆g-te r m Cha nge s in C r op yields is e ss e 昆ぬi 主rl e Valu atl喝
^＋
su stain ability of inten siv e agrl C u里tttre a ndthe e銭c a cy ofm e as u r e s u s edto e nha 毘C e
pr odu ctivity. Ⅰn this paper, a niritegr a毛ed a nalys es ofyields obt急呈fied 鮎fn58 L T芭サ
u sing蝕e r arido fn r egr e s sio n e o effie e nta n alysis(昆鼠C Aラand m eモか afialysis,indic ated
a slg血色ca ntly n egative ric eyieldtr e nd stigge Stifig Wide §pf e adyield declin ein both
ric e-ric e a nd ric e- whe at syste friS Of Asia. Unlike fbr Tic s-ric e(RRラ, the syste m
pr oぬetivity ofric e- whe at(RW)had n o cha nge. T he stable yieid モぎe rids in whe a毛
e o n&ib鹿 d to the s u stain abilモy of the ric e- he at syste m alぬo tig払 total c r op
pr e血ct呈vify offic e-r呈e ais abo uti5 % hig ertha nthe ric e- whe 盈毛syste m.
T heintegr ated a n alysis ofFic eyieldtr e ndsin 艮W syste m s a c r o ssA ia als o sho w
that也e addito n of FY” affe ctedthe ric ey呈eld宅T e nda s s払o w nby塊e s lgni 鮎狐竃ye af
荒 もF e atm e nt 卵P Kv s. N P K＋F Y M)irite r a e由 n 弧d ぬe s呈gn呈fie afi毛po s呈t呈v ey量e呈d毛摺 nd
ob竃ain ed in the F YM＋NPKtr e atm e nt wh呈eh w as n o毛 bs e f V ed if%蝕e NP Kt托 atm e奴
Ho w e v er
,
ぬepr e s e ntf eS 己呈モsao il OtPr O Vide 細流c董e11te vide n c e o n也e圭凸e f e a S e呈n T圭e e
yielddu eto ぎYM inthe壬o ng 紐r m(beyo nd i5ye 急ぎSラsin e e most of 払e L T監 r孤 fer
o n王y 15ye ars a毛 m o st. On呈y 2 L TE, wh主eh T 弧 fo r m o r etha 迅 20 ye a TS転a v e
de m o n sモr atedthis effe ct. M o r e ove r, Sin c e m o st of 也e LTE r a nぬど O n呈y呈5yea rs w e
ca nonlyc on cludeth盈毛ぬere w as apositiv elin e arなend in 払eF Y M毛Fe aぬ e n毛 野 毛e呈5
ye a rs a毛玉e a st.
f
rher eis a n e edto a n alyz e s tlbs equ e n毛 ぬt盈 竃o 血紐 m呈n e 払e 毛T e 托d
beyo nd15ye a rs. Yields w漁 F YM w o tild紐ndモo pは毛e a u 盈毛 s o m epe 壬n毛ju盛 a s§OM
fo m a毛量o n a nd de co mpo s呈由 n呈s e xpeetedモo r e 盈Ch盈
"
Ste adys臨紐
”
翁鹿e r a呈e ngpeFioa
u nde rthe s a m e s oilm a n age m e奴
Seiio rga nic m a能 r(S O Mき, ぬe key aiモrib嘘 ofs o量iqu aまi轡 e 盈nbe d皇Ⅴ量ded into
labiie o r r apidly dee e mpo s ed, a nd 盛盛呈e o T Siow圭y de e o mpo s ed 蕗盈Cぬn s. T he s e
鮎etio n sde s c ribe 也e qu 盈Iity of s oilo Tg新主e m細 e r. So夏ま e o xi ぬed by n e u蛭喪主
K MnOヰ, O rPe どm a nga n ate- 0 Ⅹid呈z 盈ble C(MnO C)菅ha sbe e n tiS eda s 盈rl喜nae 荒 Of i盛iie
C bys e v er al w o rkey s, a地 o ughthe n att m oFe Fg盈fie ∈ o x呈ぬ ed 払盈S r utbe e n w ell
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elu cidated. Ho w e v e r
,
r e S ults 鮎 m 地主s study皇ndiea竃etha書MnO ∈i§ 盈be恕 f量fid皇e戯o T
oぎIignl n C O nte nモthafliabi王e C a ndthu sit m ay be tlSed毛o m o 托i宅o r eh盈喝e Sin ぬe
sto red o rgafiic m atte r o rthe slo wC p8 OiF e S til 如g 鮎 m vaF主e tiS agfO n O氾ic pF a e毛ie e s.
On the othe r邑a nd hotw ate r- e Xtr a eta5le C妄HWE Cラw as u s edto m e as ほr eぬ f e盛Iy
de e e mpo s able C. Hot w ate r- e 光電r a etable C didn o毛e e 汀ぬ毛e wi也毛eta呈C a e ぎO S Sye af S-
T h呈sla ckofc o Tr elatio n fn ake sitimpoぬ n毛to m o n鮎r H W E ∈toget畠ef Wi地毛eta呈C o F
MnO C in a s s e s sl ngthe charlgein s oilqu ality overthe ye ars. S喜怒dies on s o呈lorgaflie-
fn afteT T equ lr ethat atie asモモw efr a ctio n s ar e c o n side ぎed, o 昆ebeingfぬ 如eiy呈R e粍苧 ぬe
oぬer being de c o mpo s able a nd tぬs depe nde nt o n s e呈i盈nd C r op rn aflage m e奴 Hot
w ate r e 荒tr a CtabieC w a s 盈Is ofo tlndモo c o rr elate w ei王威ぬf¥i呈e F Obiai biom a s sC宅M B Cき
andpote ntially
- min e r aliz able”(P 脚)a cr o s syea rS･
Å c o mpar主s o 投 Ofs oilpf OPe ftie sbetw e e nぬe ttfie托ii量z ed e o fltr Ol a nd oTgafic
rn 皿 tlr etr e atm e nts a鮎r lo ng pe riods (15-48yr s)in 3 L T Ein Fuku oka, Japa n;
Ltld hian 諾
,
India;a nd Bhair ahaw a, Nepale o rlfim edtらelo ng-te n be n eficiale飽 cもs of
o rga nic m a n u r e s on s ilqu ality. T helo 喝e Stf 血 ningLT E(40-yF S,ifiJapa n)sho w ed
r e m arkablein cr e a s e sin ぬetotal, stable(MnOC)a nd-de e o mpo s a地 毛H WE C)soil C
鮎 etio n s
,
tぬi ”, a v ailab里e P a nd K, e atio n e x ebafige e aPa C皇fy(CECラ and s oil
i¥iic T Obioiogic alpr ope rtie sin c呈uding M B C, pote ntial m呈n ef aliz abie ”(PM 溺き, ゎa sal
壬
I
e SP汀 atio n, a nd 3
-day 鮎sh ofC OBfotlo w lngr e W e綻皇ng of drieds oil, a s af良eted 転y
c/T OP r e Sid甘etr e atrn e ntS(ric e s毛r a w, C o mpo stedFic e s毛F 盈W ヲ a ndrye gr a s s/wh飽t畠tf a Wラ
w 独 or w漁 o ut呈n o fga n呈c 討.王n ぬeLudhia n か(20- yrs)a nd Bha量感 盈闇 かL T E(呈5-yr sき
ho w e v er
,
s唱nifiea nモinc r e a s esin モぬI C, MriO Cラ C E C温a OIse nP w e re e転s e T V ed
◆
with F Y” tr eatm e nt but 払e etl m tiiaive e魚 ets of o fga Bic a m 班d況 e n竃s o n
micfObioiogle alpr ope托ies
- M B C弧d s oilF e SPi招 ぬ n w e re n ot ele afiy r n a n皇fe sted-
Ne v e rぬele s s
,
a n e盛a n c edbiologic ala efivitydu eモo o rg皿量e am e ndm e nts bas ed o n
in e r e as e s豆ndehydr oge n a s e a ctivity(D A)w as obs er v ed iriLu曲ia n a･ 王tsho uldats ebe
n oted ぬ盈tぬe a m o tl n毛 ofo rga nic C 皇n c o FPOr ateda s T量e e a nd 腎he aモ sモT 盈轡孟n 蝕eJapa n
LT Ew 恕 m O f e醜a n 紬ie ethat of iJ ud払ia n 盈 弧d Bb盈皇F払盈W a. Å m o喝 the o Tga n喜e
F e Si 血etf e atm e nモsin 払eJapan LT E, e o mpo sもedric e stf 蓬Wh盈d 班嘘 gTe 盈短s毛量mp盈e毛量l-
te r m s ofimpr ov i ngO F m 盈iぬ i n l ngぬe s oilqu ality a nd ∈盈nd ”s equ e stT 盈毛i珊 ･ Gr e ater
c a nd ” a e c tt mぬt皇o n(Ta触 6.皇呈) w a s ebs eF V ed 鮎m e o rnpo s紐d Ties s竜野盈W ぬfl
鮎 m u fie O mPO S嘗ed ric e ol
･
Whe a毛 盛r a 腎董ndie a細g ぬt e o friPO Sbng pl盈fi藍 re s皇血 e s
befbr e in c o TPO r at量o n 主rrlfn Obil皇ze s C aiid ” a nd s呈o w sdo wn ぬe C a nd ”
min er 盈l呈z atio n r盛e(Table6. ”).
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ラ tr e nds oぎ - i c節d ㍍fi8 Co v e rぬe ye 盈TS W e陀 S宅急b呈e 腎血 o n量y
N ㌘監tT e 盈tfrle鴫 but w a 盟主n e T e a Sまfig W 漁 ぎY M tr e atm 醜 On ぬe oぬe ぎh弧 d亨
＋
de eo血PO Sable C sho w ed de e r e asl喝 trends in a呈=f e a竃m e 托tS eX e ePモ fo-r the FY ”
S
tr e atm e ntin Ltldia n a･ Å鮎f 28ye ar s, t短 s o主I H 腎E ∈ 呈n 毛he N P Ktfe a毛m e n毛呈ri
Luahian ahasfaue nbelo w200rag kg
せIdFy S Oil(Fig暮 6･呈2), ぬe c Ti ぬi l主m ts eモby
K6rs che n s et al一(i998)forS O N depleモi- Ho w e v e rラ W 地 e e nぬtl O tlS 蓬癖呈e ati8 n Of
F Y ”
,
theS O 関le v elw a s rri a量nta呈n ed w 地主nthe i n ediu m f 弧ge(258-S OBmgkg- iき如
2Oye a r s･ T he m e a n v a呈u es ofHWE C 呈n ぬe 6 M盈nd W St托 a醜 e ri毛s w er e 盈皇s ohigher
tha n 漁e C ritic al 1ifn呈t bu毛 w e F e nOモ s量gniflC a ntiy d呈免Te n毛 鮎 m 也a竃 of 由e N PK
tr eatm ent･ The de e o 氾PO S abie S O Wa nd its ” T eie as e, 盈nd 鞘＋P stt野里y 鮎 m F Y ”
co mbin ed witb min eralfeFt呈i呈冨eTラ 鮮 e e S S e nぬI fo r C r op gr O醜h afldyield- T hu 澄亨 FYM
is c rtleial fo r m aintal n l ng S O豊玉良流量l量モy a nde血 a nc王ng 蝕e s tiSta呈n ab主星主ty offie e 将転e a竃
syste m s, e spe ciallyin s a ndys o呈is wiぬ里o w o rga n呈e m 盈触 r e e nte n毛.
fn B hairaha waラ the S O W ievei i昆 a玉里も陀 aモ'f n e ntS a鮎r 15 ye 盈f S W a s Wi払呈n the
fn ediu mto high(300-400mg kg
-壬
)f a ngs ba s ed o nthe v alu e s oぬin ed fo rHW EC
(>25Omgkg-I 叡Ys oil). Co riS equ e 昆* , fic egr ain yie王d w a sbeing m ain臨in ede v e nin
&e atm e nts with o niy呈n o fga nicfe蛇主i主ze r･ 払 this L TE, p 逸nd n oモF Y M has mi電圭ga紐d
the-ric eyield de el呈n e. Regmi eモ al. (2OO2)ha v e als o s喝ge S竃ed 払盈毛也e 監i投 F Y朗
f nitigatedthe yield de eiin ein whe a毛. Ho w e v e r, a s王gn述e afiモde e王呈n ein HW 藍C 協電S
als o obs e r v ed o v e rthe ye 耶 irlB ha圭r盛a w a 盈地o喝h 鮎Te W a s nO Signi畠eafl毛
tT e atrn e n毛 x ye arinte r a ctio n. Co由in u o tiS m O ni毛o F董ng of de e o mpo s盛豊e C 威也 a na
witho tl O rga 盟主c a m e ndm ents 圭n this LT Ewo uldpr ovide v急呈tl 盈bie info rrn atio rifo r
m 盈ifltainingthe s oil fTe ftil圭ty offie e 将he atsyste m sin 也皇s a re a. M 8 F e O V e r予 盈l也o tlgh
&
the rew e r e n o slg毘ific 弧tdifYer e n e e si､riHWE C盈m O ng宅f e atm e nモs a鮎fi5ye a TSタtOtal
<
C afld MriO C
,
which m ay repres ent 也e le s sl盛i皇e C ぬe毛量o 托ラ W e F e S噂n呈煎ぢ 弧毛1y
h主gheT呈ntheFY” tr e atm e n圭tha nin ぬe c o ntr ol.
S
Åsidefr o m sho w mgsigE1豊丘c 弧tiri CT e お eS量nモo毛盈呈o rga nic C 弧d/o fMnO Co v e T払e
呈n o Fga nie aまiyfe rtiliz ed eo 地 ol, 皿dpr eve nting a deci量n ein H W ECandte宅急呈N, 也e
F Y ”tf e atm e nモs呈gnifica ri也y主n cr e ased∈EC,P 紺討a nda v a呈l盛呈e ㌘o v e r触 e o nモF Olat
o n e o rbo也 of ぬe L TE in Ludhi盈托a a nd B 態aiT aha w 盈. T he呈n c r e a畠ein MaO C in ぬe
FYM 毛㌻e a毛n e nt in Lu曲ia n a s喝ge S電s a n a e etl m ti呈a鮎n ef iign 王n, Wh 娩 量s 転eing
oxidized by K MnO尋. T hede e o 況PO S呈tio n oぎo喝a ni∈ 迅 盈モモe r s e e m sto Slo w dow n 威 ぬ
tim e
, 陀 Sut ぬgl n ade clin量ngモfe 托d in HW芭C 盈nd P 醐対 転t王毛 泌 蓋n e re 盈Sl喝 毛Fe nd 呈托
MnO C.
呈5善
fn Ludh圭a n 盈
,
the a e e u m ti呈a毛呈8 n Of C 就a 討 fO 迅 aPP重量ed F Y M騨a SgT e a毛e Fぬ 灘
tha若 鮎 m GMra nd W S盈臆 e喝hを払e C･
･ N F a毛圭e of WS w as m u虚 highefぬ孤､that OF
FY” ,i 感ie aモI ngthatthe ab呈ま主音y of Ca na 封書o a e鎚 蝕ti王a毛e皇n s o重量s do e s n o毛depe nd
o rlly e nthe a:” r atio a ndqu a ritty efo rgafi主e rn細 e T転ti竃 als o o ntheqtl盈i呈モy of 醜e
o rg弧呈e m atter aPP王呈ed･ Fu rぬe r亨 the 盛i呈量ties ofO rga nic rna毛eぬIs毛o s 鵜PP呈y ni毛f Oge n守
i汽C r e aS e Soilfertility, a nd a e e t mぬ 紐 主rl S oils differ a c e e rdi喝 毛o 也e皇T Oflg呈fi 弧d
pr o e e s s ing･ Wit払 a nF Y ”applie a鮎 n F aをe of 200 Mg払盈
-1
yT
-i
,
w払皇eh 皇s 盛e ti毛ヰ8
tim e sぬ盗tiraLtl曲ia n a a nd B hair a払a w a
,
a3 5 %a e e u mぬtio n of 醜e C applied w a s
e stim ated ifiEtlrePea nL TE(K8FS ehe n s et ai. , 1998ラv s. 呈呈-23 % Cae c u m u量ai重o nin
Ltldhian a 皿d Bhair aha w a. Ftiぬ e r studie s sho uld be do n e at 払e 書おぬ Iev 宅l嘗o
impr o v ethequ ality a ndop毛玉miz eぬe r ate ofFY ”a ndo ぬf O Tg 皿ie m ate rials applied
to rise- whe at s ois 圭n o rde rto minimiz e C a nd ” lo s s e s毛o ぬe airn o坤heF e a nd
gf O tl ndw ate f. Ån optim alu s e efo Tga niefar m W aste m威e ri盈isto s tiPP王e m e rit norganic
fe民主Iiz e fS e O tllda le viatetheyield de clin e a nds tiSt急呈nthe e n v皇r o r m e鑑
Fo Tbe stpi恕嘘 perfo rfn a n C e,it呈s e s s e ntiaiモo a chieve a 盟主nie野戯ed ”m a n age m e nt
th-at m 盛e sthe be st tlS e Of au a v ailable 討 s o u r c e sboぬ o rga n圭e a nd i毘O rga n主e.
Agr o n o m主e-a nds oilm 畝喝 e m e nt Pr a e音量e e sin'v eiv呈ng 也e e o mb喜n ed u s e of in o Tg 弧主c
a ndoTg組iefe fti王iz e rsthat als o e f由 弧 e ebiol喝主e 蓬呈ni昏ogen 畠笈ai圭o n w o wld 転eide 盈呈呈fi
irnpr o v 王ng O r m 盈呈出 ainings oil 転流ility, s oi王領磁i呈毛y 訊dp招a穏ぢ如夏毛y専
7.之Ce 迅eltl澄io 投S:
lt A N2-fTI X量ng algal b呈o o min the rie e 鮎idc o嘘圭転鹿e s呈3
-望5 転g 鞘 畠盈
-蔓
wh量Ie
he紐 和なophie and ric epl弧t- a s s o ciated BNF e o療量払底e s 蓬縄 張迅速 量-5 kg 封 ぬ
-i
c r op
-l
･ N i蜘 gerifr o mB G泉 is r ele a s ed m o r e slo w皇y a nd 呈s 呈蜜§S S 班S e eP毛主b呈e to
lo s s e s也a n也at魚o m a m m e nitl m S tliぬ毛e.
2. St㌻aw appl呈e atio fi e 王由 弧 C ed hete r療 8Phie a nd pi弧モー aS SO Ci盈紐d N2-毘Ⅹ盈ぬn 弧d
主n cr e a s edthe popぬ毛io n oftぬi 皿d 討2-fix量喝 短etef etぎOPhs 壷n ぬe s鼠 H皇g払er
ba cte ria呈pepulat量o n w a s obs e T V ed 腎 独 s 硯r裁泣 e aPPl主e 盈tie i3 efs毛指 W a Se O mP鮎 ed
wi払in e o rpo r ated s毛抱 W . N おege n虫芙盛o nperp呈a 汲モ毛o fPe r u n量毛 盈F e 盈ラw a s eiぬe F
e曲a n edo r n e毛 affe cted byt転e 盈PP呈ie盛or1 0f 主n e rgan呈e ” a ndo 聯 n量efe純量主星芸e rS･
Ho w e v e T
,
Whe n e xpr e s s ed o n ape r u nit pl盈nt dry W e呈ghもbasisラ 蝕e 廃絶鬼 w 盈S
ge n e r aliylo w er e X e ePt皇ri e a S eS威 eF e S O m e蔓egt m
8
e gf e e n m 盈n tlどe S S tie転 a s V･
r adiaia a nd C㌢otoiaria w e r e呈n e o rpo 訂aied.
呈59
3･ P王放t- as s o ciated B 討F盈S m e a s u r ed by 盈e ety王e n e-T eぬ e呈nga e毛主¥i毛y(廃絶ゑラd圭ffeTed
a m o喝 n e e V 盈fietie s a 托d differ ef3 e e S W e r e済 O S毛e vide rlは 転e adiflgStage-
4･ Gez wtype s wh呈eh m ay po s s ess pyo戯王Sl ng 毛T 盈重苦盛
J: fo rimpT O V ed 討 ap毛ake 孤d
tltil主z atio n efTl eie n cy w e r eide nt主畠ed- H igh ”up嘘 e 盈fid 討U E轡e re ebs e T V ed 呈n
Ⅰ昆131429-1 50-3-2- ト2をN UE 65･4, ” tlPtake 9･呈 g ffi-芝)呈n 也e e a ぎIy-du r a鮎 n
gf8 uP,I R44 阿u E 67･2, ” uptake 8･3g m -2)in ぬ rriediu fnぬ 感 e figT e uP, a 巳d
汲39323-182-2-3-3-2 野u E 64･8, ” up嘘 e9･3gf¥l-芝)irlぬ i盈毛e-dttT盛呈o ngr e はP.
5暮 An呈ntegr a毛eda n alysis off呈c eyield daモa 鮎 m fac e-ぎie e(RRきa ndric e- wbe a毛(捜Wラ
lo ng-te - e 荒pe rim e fitS (L 甘E)in Asia show ed 盈 de e呈ining tr e nd w 地 o nly
主n o rga nicfeFt呈l呈zatio n a ndapo sitiv e捷e nd whe n C o mbin ed w 池 魚 m ya Fd m 弧 tir e
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